I. INTRODUCTION
The response of nuclei to the spin-isospin fields oXqe'q' and cr qe'&' (where It relies on measurement of a complete set of polarization transfer observables (PT) and is applicable, in principle, to nucleon inelastic scattering or charge-exchange reactions for the entire q-co response surface including discrete states and the continuum. In this paper we present data derived from 500 MeV proton scattering for both the transverse and spin-longitudinal response functions for Ca and Pb at a inomentum transfer of 1.75 fm ' for arangeofco from 20to 100MeV. Some of the data have been published in a previous letter.
The range of q and co dealt with here is particularly relevant to the nuclear pion field and the interesting possibility that it may confer a collective enhancement to the spin-longitudinal nuclear response. This hypothetical collectivity can arise from the pion-exchange interaction if it becomes attractive near q =(2 -3)m . Forms of this collectivity in decreasing order-of-magnitude range froin pion condensation, ' possibly operable in neutron stars, through pre:ursors of condensation (critical opalescence), " to the slight pion excess proposed to explain the EMC effect.
The principle of the experiment is simple. For targets of H, Ca(nat. ) , and Pb(nat. ) one measures spin-fiip probabilities (SFP s) (defined in Sec. III) which bear a simple, although model-dependent, relation to the spin-isospin response functions. ' One then looks for differences in these observables between H and the heavy nuclei. As in the EMC experiment, H is assumed to be a free neutronplus-proton target, and hence free of any collectivity which possibly occurs in the heavy nuclei.
In Sec. II we review the EMC effect and its interpretation in terms of excess nuclear pions. Section The difference between the iron and deuterium structure functions is
-5n Fi (x), (2.1) 5n"= J dz5f ( It is important to point out that the EMC data come from muon scattering which probes the entire nuclear volume. The present proton scattering data are more locahzed to the nuclear surface. The response functions associated with the two types of experiments are therefore not identical. We will account for these differences in the interpretation of the present data as presented in Sec. IV. where 5f (z)=f '(z) In order to reduce many possible systematic errors in the measurement of the spina of both the incident and scattered particles, the beam polarization was regularly cycled through normal and reverse spins.
Although Eq. (3.1) represents the scattering process, it does not include the effo:ts of the spectrometer system. The first order effect is that of spin precession in the dipole. More subtle effects such as finite acceptance and focusing were also taken into consideration. ' In addition, the contributions of small polarization components in directions other than ihe primary direction were at times significant and had to be considered in the extraction of observables. All uncertainties in beam polarization, scattered particle polarization, and analyzing powers of the beam line polarimeters, FPP, and target were included in the analysis of experimental errors. The most important sources of systematic error were uncertainties in the false asymmetries and analyzing powers of the beam line and focal plane polarimeters. In all cases these quantities were known to better than about 1%. (3.3) For N-nucleus scattering the ansatz of Bertsch, Schol- 3) and the summation indicates a sum over bound states and an integration over continuum states.
The effective number of nucleons, N"and the absorption function f(r) contain the effects of attenuation of the proton~aves in the nucleus; they are both evaluated consistently with Glauber theory.
For most of the discussion that follows, the precise value of N, does not enter directly since we deal with ratios of response functions all with the axial-longitudinal, transverse, and total response functions defined as RL(q,~) = g ( (n~f(r)o"qe'q'~0) ('5(co Fig. 4 Comparison of the calculated simple ratios RL, T/R to experiment is shown in Fig. 6 for the three values of g'. Figure 7 shows the calculated individual response functions which are used to form the ratios (for g'=0. 55). The decrease seen in Fig. 6 (a) at small co for the g'=0. 9 curves is due to a small collective enhancement in the isoscalar response which contributes to the denominator. 2S. The solid curve is a calculation using the SIS model. Two further points relevant to this analysis have been discussed elsewhere. i is First, the discrepancy between the "pionically collective" response functions and the present data is greatest at small~where models based on the Fermi gas are suspect due to lack of binding energy effects. ' The SIS model remedies this deficiency by including both bound and scattering wave functions for nucleons near the Fermi surface. Furthermore, the SIS model is quantitatively able to reproduce continuum data at values of co even smaller than in the present experiment. ' In short, the present analysis does not suffer any shortcomings in the small co region at large momentum transfer.
The second point is that one needs to consider the possible mixing of transverse and longitudinal response functions in a finite nucleus (only in nuclear matter are they completely orthogonal). Such a calculation has been done in a harmonic oscillator basis for Ca, and will be published shortly.
The result is that there is at most a 7% reduction in RL/RT at~=20 MeV. The magnitude is thus far too small to have a significant impact on our conclusions.
Finally, we are aware that an alternative model of the EMC effect in terms of excess pions exists which gives a very good reproduction of the EMC and SLAC data. The nuclear matter theory from which the pions are generated bears little resemblance to that employed here. %'e believe that this model should be put to the test of reproducing the present experiment. Only by confronting low-energy data relevant to the meson/baryon description of nuclei will "conventional" nuclear physics models of high-energy physics results be truly tested.
